Prostaglandin H synthase-catalyzed bioactivation of amphetamines to free radical intermediates that cause CNS regional DNA oxidation and nerve terminal degeneration.
Reactive oxygen species (ROS) are implicated in amphetamine-initiated neurodegeneration, but the mechanism is unclear. Here, we show that amphetamines are bioactivated by CNS prostaglandin H synthase (PHS) to free radical intermediates that cause ROS formation and neurodegenerative oxidative DNA damage. In vitro incubations of purified PHS-1 with 3,4-methylenedioxyamphetamine (MDA) and methamphetamine (METH) demonstrated PHS-catalyzed time- and concentration-dependent formation of an amphetamine carbon- and/or nitrogen-centered free radical intermediate, and stereoselective oxidative DNA damage, evidenced by 8-oxo-2'-deoxyguanosine (8-oxo-dG) formation. Similarly in vivo, MDA and METH caused dose- and time-dependent DNA oxidation in multiple brain regions, remarkably dependent on the regional PHS levels, including the striatum and substantia nigra, wherein neurodegeneration of dopaminergic nerve terminals was evidenced by decreased immunohistochemical staining of tyrosine hydroxylase. Motor impairment using the rotarod test was evident within 3 wk after the last drug dose, and persisted for at least 6 months. Pretreatment with the PHS inhibitor acetylsalicylic acid blocked MDA-initiated DNA oxidation and protected against functional motor impairment for at least 1.5 months after drug treatment. This is the first direct evidence for PHS-catalyzed bioactivation of amphetamines causing temporal and regional differences in CNS oxidative DNA damage directly related to structural and functional neurodegenerative consequences.